In this study, we present BVR photometry of V369 Gem in 2006 -2008. We combined our V data with the data taken from the literature. We analysed all the data together and calculated the new light elements. General features of the light curves were discussed. The light curves were modelled with the Fourier method and the Fourier coefficients calculated. The cos(2θ) term was found to be dominant. The pre-whitened V light curves demonstrated that stellar spot activity also exist. There are generally two minima in the pre-whitened light curves. Thus, there must be two spotted areas, which are separated about 180
Introduction
Many stars from the spectral types G, K and M exhibit solar like chromospheric activity. The stellar spots on the photosphere of a star cause quasi-periodic sinusoidal-like variations due to the star's axial rotation. In this case, the long-term photometric monitoring of active stars provides a powerful tool to derive relevant parameters of stellar surface activity (Rodonó et al. 2000; Messina & Guinan 2003) . In this study, we obtained the light curves of V369 Gem (HD 52452) in 2006-2008 years. Although V369 Gem is known as one of the short-period noneclipsing chromospherically active binary system discovered so far (Messina et al. 2001) , we investigate the main reasons of the light variations seen in its light curves due to some stable properties seen in the light curves.
In literature, for the first time, Pounds et al. (1993) detected the star as a EUV bright source in the all sky survey of ROSAT. They listed the star as RE J70222+255054 in the X-Ray source catalogue. Later than, Mason et al. (1995) demonstrated that V369 Gem is the optical counterpart of the EUV bright source RE J70222+255054. Perryman et al. (1997) catalogued the star as a suspected variable star with a parallax of 17.0±6.4 mas in the Tycho Catalogue (TYC1899 688 1). Messina et al. (2001) reported that V369 Gem is a triple system. They indicated that the triple system is composed of a G4V star and two late type G stars, which are seen as SB1. The observations of the authors indicated that both components of the binary system exhibit photospheric spot activity. The authors stated in their study that there was no proof of an eclipsing in the light variation. They derived an upper value as 50
• for inclination of the SB1 components. It was mentioned that the system is not young in terms of the abundance analyses of Li λ6707Å in their spectral studies with high resolution. The v sin i value is given as 14±2 kms −1 for one of the components, while v sin i value of the other component is higher than 60 kms −1 . For the first time, photometric period of the system was found to be 0.42304 days by Messina et al. (2001) . Another study belongs to Barway & Pandey (2004) , who presented BVRI-band photometry of the system. The authors gave the photometric periods, which they found out by analyses of their data together with the data given by Messina et al. (2001) . The authors mentioned that the light variation of the system was due to a stellar spot activity on the components of the system. They reported that the amplitudes of the light curves were changing in 2000 and 2001 observing seasons. Using the data taken from the Tycho Catalogue, Barway & Pandey (2004) indicated that the distance of the system was 59 pc.
In this study, we suggest that there are two main effects to cause the light variation. Examining all the light curves of the system, one of them should be the ellipsoidal effects, which cause a stable light variation with two minima. The second one is the chromospheric activity, which cause the short-term rapid variation on this stable shape. In the paper, we analysed all the V-band data of the system acquired between the years 1995 and 2009. The observational bases of the study are presented in Section 2, then photometrically obtained light variations and analyses are presented in Section 3, Section 4 and Section 5. Finally, the main properties obtained in this study and the results are discussed in Section 6.
Observations and Data
The observations were acquired with a High-Speed Three Channel Photometer attached to the 48 cm Cassegrain telescope at Ege University Observatory. The observations were continued in BVR-bands. The identities of programme star and its comparisons are given in Table 1 . In Table 1 , the star names are given in the first column, while J2000 coordinates are listed [Vol. , in second column. The V magnitudes and B-V colours obtained in this study are listed in the following columns, respectively.
V369 Gem, the comparison and check stars are close on the sky plane. However, differential atmospheric extinction corrections were applied for the observations obtained in this study. In each observing night, the observations of the system were acquired without interruption, covering large ranges for the airmass. In general, the observations were started before the celestial meridian with the airmass value of 3.15, and were ended after the celestial meridian with the airmass value of 2.25. The coefficient (k) of differential atmospheric extinction correction was found to be between 0.224 and 0.390 mag airmass −1 for B-band observations. The mean value of k was computed as 0.321 mag airmass −1 for B-band observations. It was found to be between 0.085 and 0.299 mag airmass −1 for V-band, while its mean average is 0.221 mag airmass −1 . Finally, it was found to be between 0.038 and 0.274 mag airmass −1 for R-band observations, and its mean value was computed as 0.149 mag airmass −1 . The time series analyses also do not reveal any regular variation for these differential magnitudes. There is no variation of differential magnitudes in the sense comparison minus check stars. The comparison stars were observed with the standard stars also in their vicinity and the reduced differential magnitudes, in the sense variable minus comparison, were transformed to the standard system using procedures outlined in Hardie (1962) . The standard stars we used are listed in the catalogue of Oja (1996) . The derived transformation coefficients are given in Equations (1, 2 and 3). Heliocentric corrections were also applied to the times of observations. The standard deviations of observations acquired in BVR-bands are 0 m .010, 0 m .007 and 0 m .006, respectively.
where the symbols bvr represent the observed values, while the symbols BV R represent the standard values. In this study, we used the same comparison star with both Messina et al. (2001) and Barway & Pandey (2004) . Messina et al. (2001) given the observation data in the standard system, while Barway & Pandey (2004) given the values of the comparison star in their study. The comparison star brightness and colour given by Barway & Pandey (2004) are close to the values obtained in this study. The V data obtained by Messina et al. (2001) and Barway & Pandey (2004) were combined to our data. In addition, we also used the data obtained from the ASAS Database (Pojmański 1997) . The system was observed between December, 2002 and April, 2009 in the ASAS project. In Figure 1 , all the V-band data were plotted versus years.
All the V-band data were analysed with both Discrete Fourier Transform (DFT) (Scargle 1982) and the Phase Dispersion Minimization (PDM), which is a statistical method (Stellingwerf 1978) . In the analyses, the period was found to be 0 d .423061. Using the method given by Kwee & van Woerden (1956) and the data obtained in January 10, 2007 night, an epoch was determined. The new light elements are given in Equation (4).
All the combined data were phased with the light elements given in Equation (4). Considering that V369 Gem is an active star, the consecutive observations were compared among themselves. The date, where the shape and the amplitude are changed, was taken as the beginning of the new subset. Thus, all the V data were separated into 14 subsets. Some parameters of the subsets are listed in Table 2 . In Figure 2 , the BVR light curves of the system obtained in this study are given for only two subsets, which are covered all the phase intervals. In Set L and Set M, there are also some data obtained in this study, but these data are not enough to cover all the phases. This is why we did not plotted them in Figure 2 . As it is seen from the figure, the shapes and amplitudes of the light curves different especially in minima phases.
Light Curve Analysis
According to Messina et al. (2001) and Barway & Pandey (2004) , the observed light variation is caused due to the cool spots in the case of V369 Gem. However, there are a few important characteristic features in the light curves. First of all, there are always two minima in the light curves and one of them is always deeper, and there is 0 P .50 between them. In addition, the phases of the minima are generally constant, though there could be some small distortions in the general shape of the light curves time to time.
Considering these properties, we tested whether there are any eclipses in the system by using the PHOEBE V.0.31a software (Prša & Zwitter 2005) , whose method depends on the version 2003 of the Wilson-Devinney Code (Wilson & Devinney 1971; Wilson 1990 ). We tried to analyse BVR-band curves with different modes, such as the "detached system", "overcontact binary not in thermal contact", "semi-detached system with the primary component filling its Roche-Lobe", "semidetached system with the secondary component filling its Roche-Lobe" and "double contact binary" modes. Considering the minimum sum of weighted squared residuals (Σres 2 ) of 0.13, the initial analyses demonstrated that a statistically acceptable result can be obtained if the analysis is carried out in the "overcontact binary not in thermal contact" mode. The BVR-light curves can not be modelled by using all the other modes. In the case of "detached system" mode, the analysis is generally interrupted itself due to uncomfortable configuration, while the program is working. In the case of "double contact binary" mode, the obtained Σres 2 values are much larger than those obtained by using the "overcontact binary not in thermal contact" mode. Because of these, an available solution was obtained in just the "overcontact binary not in thermal contact" mode.
Using spectral observations, Messina et al. (2001) estimated that the system is G spectral type, and so the effective temperature (T ef f ) of the primary component should be 5637 K according to Drilling and Landolt (2000) . Thus, the temperature of the primary component was fixed at 5637 K, and the temperature of the secondary was taken as a free parameter in the analyses. Considering the spectral type, the albedos (A 1 and A 2 ) and the gravity-darkening coefficients (g 1 and g 2 ) of
No. ] Usage of pasj00.cls 3 the components were adopted for the stars with the convective envelopes (Lucy 1967; Rucinski 1969) . The non-linear limbdarkening coefficients (x 1 and x 2 ) of the components were taken from van Hamme (1993). In the analyses, the fractional luminosity (L 1 ) of the primary component and the inclination (i) of the system were taken as the adjustable free parameters. There is no available spectroscopic mass ratio for the system. Because of this, we tried to find the best photometric mass ratio of the components using the light curve analysis. The minimum sum of weighted squared residuals (Σres 2 ) obtained in the analyses indicated that the mass ratio value of the system is q = 0.76 ± 0.03. The synthetic light curves obtained in the "overcontact binary not in thermal contact" are shown in Figure  3 , while the parameters derived from this analysis are listed in Table 3 . From the parameters found from the light curve analysis, the 3D model of V369 Gem's Roche geometry is shown in Figure 4 with the geometric configurations of the system at four special phases 0.00, 0.25, 0.50 and 0.75.
According to the minimum sum of weighted squared residuals (Σres 2 ) of 0.13, the only solution obtained in the "overcontact binary not in thermal contact" is statistically acceptable one. However, it should be tested whether it is also acceptable in the astrophysical sense. For this aim, although there is not any available radial velocity curve, we tried to estimate the absolute parameters of the components in order to compare them with the theoretical models. According to Drilling and Landolt (2000) , the mass of the primary component must be 0.946 M ⊙ corresponding to its surface temperature. Considering possible mass ratio of the system, the mass of the secondary component was found to be 0.721 M ⊙ . Using Kepler's third law, we calculated the semi-major axis as 2.81 R ⊙ . Considering this estimated semi-major axis, the radius of the primary component was computed as 1.06 R ⊙ , while it was computed as 0.92 R ⊙ for the secondary component. Using the estimated radii and the obtained temperatures of the components, the luminosity of the primary component was estimated to be 1.022 L ⊙ , and it was found as 0.394 L ⊙ for the secondary component. If the obtained absolute parameters are compared with theoretical models such as one developed for the stars with Z = 0.02 by Girardi et al. (2000) , it is seen that the absolute parameters are generally acceptable in the astrophysical sense.
The Ellipticity Effect
The light curve analyses demonstrated that the system do not exhibit any eclipses. However, as seen from the Roche geometry shown in Figure 4 , the shape of the components should be distorted due to tidal effects. Thus, the ellipticity effect due to this geometric configuration should cause the observed light variation. As it is well known, the ellipsoidal variable stars are non-eclipsing binary stars and especially close binaries (Morris 1985; Beech 1985) . The main variation seen in their light curves is due to non-spherical shapes of the components. This like configuration of a system creates a quasisinusoidal light curves. The depths of the minima in the light curve depend on the system geometry as well as its inclination.
The one of the methods to test whether a star is an ellipsoidal variable is the Fourier analysis (Morris 1985; Beech 1985) . It has been also demonstrated by Morris (1985) and Morris & Naftilan (1993) , in the case of any available radial velocity (a double lined or single lined), many parameters of the components can be computed under some assumptions. Unfortunately, there is no available radial velocity for V369 Gem; because of this case lots of parameters can not be computed. As it is listed in Table 3, the inclination angle (i) of the system was determined as i = 44
• .25 from the light curve analysis.
In this case, the stable-main variation could be caused by the ellipsoidal effects. In order to test this, the light curves of the ellipsoidal variables can be modelled by the Fourier analysis given by Equation (5). If the main variation is caused due to the ellipsoidal effect, one will expect the cos(2θ) term must be dominant among all other terms in the results of the Fourier analysis.
The light curve obtained in January 10, 2007 was chosen to analyse. The observations in this night cover homogeneously all the phases, and the minima in the light curve are symmetric. The BVR light curves obtained in January 10, 2007 were analysed with the Fourier method. The derived Fourier fits are shown in Figure 5 , and the Fourier Coefficients are listed in Table 4 . The A coefficients listed in the table are the coefficients of the cos(iθ) terms, while B parameters are the coefficients of the sin(iθ) terms given in Equation (5). In fact, the most dominant one is cos(2θ) term for each of the BVR-bands. Thus, it is obvious that the main effect seen in the light variations is the ellipticity effect. In this case, the found period given in Equation (4) must be the orbital period of the system. As it is well known from eclipsing binaries, the found photometric period must be the orbital period of the system, if the main reason of the light variation is the geometric effects of the binary. There are many systems, which are similar to V369 Gem, such 75 Pegasi and 42 Persei are studied with this method by Martin et al. (1990) ; Martin et al. (1991) .
Stellar Spot Activity
In the Fourier Coefficients, the second dominant term is cos(θ). Hall (1990) discussed that the cos(θ) term can be an indicator for the spotted area on the surface of a star. In this case, the ellipticity effect is not unique effect in the light variation of V369 Gem. Considering the variation seen in Figure  2 and spectral type of the system, the second effect should be stellar spot activity. We extracted the theoretical light curve, which contains just the variation caused by the ellipticity effect, from all the V-band light curves of 14 subsets. We examined all the pre-whitened light curves together, and some parameters were calculated and given in Table 5 . All the observed and pre-whitened light curves are shown in Figure 6 . The curves seen in the first two columns of panels on the left side are observed light curves, while the curves in the last two columns of panels on the right side are the pre-whitened light curves. In the first two columns of the panels, the dashed line in each panel represents the theoretical light curve, which contains just the variation caused by the ellipticity effect. However, in the last two columns of the panels, the dashed line in each panel represents the theoretical light curve, which contains just the variation caused by the stellar spots.
The variation of the mean brightness in the pre-whitened light curves are shown in Figure 7 with the variation of the amplitudes in the light curves. The pre-whitened V light curves were analysed by time series analyse methods. The found periods are listed in Table 6 . Excepted a few subsets, which have no good data distribution, the periods found from each subset are close to the period given in Equation (4). This case reveals that the components rotate synchronously with the orbital period. The data used in analyses are not enough to discuss about any activity cycle.
In Figure 8 , we plotted minima phases (θ min ) derived from the pre-whitened light curves versus the years. The figure reveals two main properties of the spot distribution on the surface. As seen from the figure, the minima of pre-whitened V light curves are separated 0 P .50 from each other. This indicates that the spotted areas on the surface are generally inclined to be located in two mean active longitudes. Moreover, the deeper minimum migrates toward the earlier phases through years.
Results and Discussion
The goal in this study is determining the nature of this interesting system. In this respect, we analysed almost all the available data of V369 Gem in the literature. The results show some clues about its nature.
As seen in Figure 2 , the light curves of the system vary from a season to the next one. There are also some variations in the mean brightness and the shapes of the light curves. The same cases were seen by Messina et al. (2001) and Barway & Pandey (2004) , and they explained this situation with the chromospheric activity.
We analysed all the V data together with the time series analyses, and the photometric period of the system was found to be 0 d .423061. It is so close to the periods found by Messina et al. (2001) and Barway & Pandey (2004) .
According to the long-term photometry, another properties have come out in this case. Although there are some small variations, the main shapes of the light curves are usually the same. There are always two minima, and they are almost constant according to each other. The analyses demonstrated that one of the effects on the light curves is the ellipsoidal effect. The cos(2θ) was found to be -0.0400±0.0004 for B, -0.0383±0.0004 for V and -0.0358±0.0003 for R-band. These coefficients are larger than all other coefficients in each band. According to Morris (1985) and Hall (1990) , in this case, there is an ellipsoidal effect on the light variations. Apart from the cos(2θ) coefficients, the second dominant coefficient is cos(θ). According to Hall (1990) , if there was only one spotted area on the surface of a star, it would be expected that the cos(θ) term must be dominant. However, Hall (1990) noticed that the cos(2θ) term is not be dominated due to only the ellipticity effect, but it can be also dominated because of two spotted areas separated 180
• from each other on the surface of a component. However, there is a way to define the real reason of the cos(2θ) term dominated in the Fourier analysis. This is the evolution and movements of the spotted areas on the surface of the star. If the reason of the cos(2θ) term is stellar spots separated 180
• from each other, the results of the Fourier analyses will change with time. Because, the main shapes of the light curves will change. In this study, we always found the cos(2θ) term to be dominated for each set. This demonstrated that the main effect on the light variation is the ellipsoidal effect. However, one can suspect that V369 Gem may be an eclipsing binary. In this point, the suspect can be tested by the method described by Morris (1985) and Morris & Naftilan (1993) . In the case of V369 Gem, although there is not any available radial velocity, we determined the inclination angle (i) of the system from the light curve analysis with the PHOEBE V.0.31a software, and it was found to be 44
• .25. In this respect, it is not expected that the system exhibits any eclipses.
In order to the find the second effect on the light variation, the ellipsoidal effect was extracted from all the observed V light curves. A sinusoidal-like variation is seen in all the prewhitened light curves, and this variation seems to be a combination of two sinusoidal waves. The consecutive light curves demonstrated that the shapes of the pre-whitened light curves are dramatically changing. For example, if the pre-whitened light curves of Set C, Set D and Set E are compared, it can be seen that the level of the deeper minimum is increasing, while the level of the first maximum seen in ∼0 P .40 is not changing. In contrast to the first maximum, the level of the second maximum seen in ∼0 P .90 is increasing and, it gets a higher level than the first one in a few subsets. The same behaviours are seen among the others. Although the mean brightness of the pre-whitened light curves is increasing through years, the amplitudes are decreasing from the year 1994 to 2007. The amplitude of the pre-whitened light curve is 0 m .160 in the first light curve, while it is slowly decreasing toward the year 2007, and it is 0 m .012 in 2007. However, the largest amplitude is seen in the year 2009.15, it is as large as 0 m .206. There is one minimum in some light curves, which are generally obtained between the year 2006 and 2007. The mean brightness of the subsets are changing. For instance, the amplitudes of the first six light curves are changing from one to the next, though two minima always exist in the light curves. However, the shallow minimum is beginning to disappear from Set G, and it is disappeared in Set H. The light curve of Set H has one minimum and completely asymmetric shape. The second minimum is started to appear in the light curve of Set I, and the light curve of Set J has two minima. The light curve of Set K has again one minimum and an asymmetric shape. Although the data in both Set L and Set M do not cover all the phases of the light curves, an asymmetry can be seen in their shapes. Finally, the light curve of Set N has two minima. Besides the second minimum sometimes disappearing, another dramatic variation is seen in the light curves. As seen from Figure 8 , there is a migration of the deeper minimum. The deeper minimum migrates toward the earlier phases through years, especially the last few years. The sinusoidal-like variations in each light curve should be caused by dark stellar spots occurring on the surface of the system. In brief, the behaviours like these are generally seen in chromospherically active stars (Fekel et al. 2002) .
The minima of the sinusoidal-like variation in the prewhitened light curves are generally separated about 0 P .50 from
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• from each others. A sudden occurring of the deeper minimum between 0 P .70-0 P .80 in Set H should be caused by changing of the active area efficiencies on the surface of the star. Changing of the active area efficiencies exhibits itself in Figure 6 . As seen from the figure, the phases of the maxima can occur in different phases, which are separated 0 P .50 from each other. The same behaviours are generally seen in the light curves of many close eclipsing binary systems, such as W UMa type variables, but not limited to this type (Davidge & Milone 1984; Kallrath & Milone 2009 ). In the W UMa systems, the chromospheric activity occurring on the surface of the components is one of the reasons causing the phenomenon called the O'Connell Effect.
After the extraction of the ellipsoidal effect from the light curves, the periods found from each subset are a bit different from each other. This case is common for active stars. These photometric periods depend on the location(s) of the spotted area(s) on the surface of the star. In fact, if the subsets, which have scattered data, are ignored, the periods found from each subset seem to decrease from the year 1994 to 2009. On the other hand, the similarity between the orbital period and the periods found from each subset demonstrates that the components rotate nearly synchronously with the orbital period. In fact, the rotational and revolution periods are expected to be same for an ellipsoidal variable (Morris 1985) . In the case of V369 Gem, although the orbital period was found to be close to the period of rotational modulation, it is seen from Figure 8 that there should be a bit difference between them. The minima of the pre-whitened light curves migrate toward to the previous phases.
V369 Gem has been taken a special place among the other ellipsoidal variables. This is because the system has chromospheric activity. In fact, there are many systems similar to V369 Gem in the literature, such as V350 Lac, V1197 Ori, V1764 Cyg, HD 74425 and ect (Crews et al. 1995; Lines et al. 1987; Henry & Kaye 1999; Hall 1990 ). As it is seen from the literature, although the ellipsoidal variables are generally from the earlier spectral types, but there are also several ellipsoidal systems from the later spectral types. Considering these ellipsoidal variables from the later spectral types, V369 Gem is a bit different among them due to its period. As seen from Hall (1990) , they are generally long period systems, while V369 Gem is a very short-period one. The short period of the system indicates that V369 Gem is not a classical ellipsoidal variable, whose shapes are just caused by the tidal effect. The ellipsoidal shapes of V369 Gems components should be due to not only tidal effects but also the evolutionary status of the system. Although V369 Gem is mentioned as a main sequence star, as seen from Figure 4 , the components are near the filling Roche-Lobes. Considering the obtained absolute parameters of the components with the theoretical models derived for the for stars with Z = 0.02 by Girardi et al. (2000) , both of them seem to be closer to TAMS rather than ZAMS. Messina et al. (2001) demonstrated that very low abundance of Li λ6707Å is obtained from this system, because of this, the components can not be the young stars, whereas the system has a very high level chromospheric activity. This is in agreement with our results obtained from the light curve analysis. In fact, RochaPinto et al. (2002) put forwarded some models about the formation of W UMa type systems, indicating some systems, which are chromospherically active without high Li abundance, while they are kinematically old. According to Rocha-Pinto et al. (2002) , the components in these systems are also generally rapidly rotating. Messina et al. (2001) revealed that the components of V369 Gem are also rapidly rotating according to a star from the G spectral types. Consequently, it is possible that the components of the system should be nearly filling their RocheLobes. This also explains why the components have taken an ellipsoidal shapes.
In the future, V369 Gem should be taken into the programs of the spectroscopic observations. A radial velocity curve of the system will be obtained, and this supports to understand the unclear points about the system. Fig. 6 . V-band light curves for each subset. The curves seen in the first two columns of panels on the left side are observed light curves, while the curves in the last two columns of panels on the right side are the pre-whitened light curves. In the first two columns of the panels, the dashed line in each panel represents the theoretical light curve derived for just the ellipticity effect. However, in the last two columns of the panels, the dashed line in each panel represents the theoretical light curve, which contains just the variation caused by the stellar spots. All light curves are plotted in the same scale to demonstrate the variations of the amplitudes and the shapes. 
